Special Report Immunotherap

For reprint orders, please contact: reprints@futuremedicine.com

Allergen immunotherapy for birch-apple
syndrome: what do we know?

Cristoforo Incorvaia', Erminia Ridolo™?, Marina Mauro3, Marina Russello® & Elide
Pastorello?

' Cardiac/Pulmonary Rehabilitation, ASST Pini/CTO, Milan, Italy

2Department of Clinical & Experimental Medicine, University of Parma, Via Gramsci 14, Parma, ltaly

3 Allergy Unit, Sant’Anna Hospital, ASST Lariana, Como, Italy

4Unit of Allergology & Immunology, Niguarda Ca’ Granda Hospital, Milan, Italy

* Author for correspondence: Tel.: +39 052 170 2082; Fax: +39 082 170 3920; erminia.ridolo@unipr.it

Apple allergy is common in patients allergic to birch pollen, and this is defined as ‘birch-apple syndrome’.
Allergens responsible for cross-reactivity belong to the pathogenesis-related-10 family, and high homol-
ogy in the amino acid sequences of the major allergens Bet v 1 from birch and Mal d 1 from apple has
been demonstrated. Here we review the literature on the treatment of birch-apple syndrome by allergen
immunotherapy. The only allergen immunotherapy method available thus far is based on the administra-
tion of birch-pollen extracts, through the subcutaneous or sublingual route, to induce tolerance to Bet v1
and to the homologous allergen Mal d 1. However, the studies performed thus far show modest efficacy,
and thus other methods of immunotherapy should be investigated.
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Allergic reactions to apples are mainly associated with oral allergy syndrome (OAS), which is characterized by
oropharyngeal symptoms, including itching, tingling, burning and swelling of lips and tongue and, once the food
is swallowed, gastrointestinal symptoms such as nausea, vomiting and diarrhea [1,2]. Apple allergy is particularly
common; however, no epidemiological data are available. In patients with respiratory allergy to birch pollen, the
association is referred to as birch-apple syndrome. Allergy to Rosaceae fruits, including apples, in patients without
a related pollen allergy is rare and is expressed with systemic, often severe, symptoms [3]. Birch-apple syndrome
belongs to a large array of ‘pollen food syndromes’ caused by cross-reactivity between pollen-specific IgE and
homologous proteins occurring in fruits and vegetables [4]. In particular, the proteins inducing cross-reactivity
between birch pollen and apples are pathogenesis-related (PR) proteins, and their production is triggered in plants
by environmental stress [5]. The major allergen from birch Bet v 1 belongs to the PR-10 family, which shares
homology in amino acid sequences with other PR-10 proteins from various fruits (e.g., Mal d 1 from apples), and
these allergens are responsible for cross-reactivity [6]. Figure 1 shows the grade of structural homology between
Bet v 1 and Mal d 1. Allergens unrelated to pollen allergy which are responsible of systemic reactions, including
life-threatening anaphylaxis, are lipid transfer proteins (LTPs), for example, Mal d 3 [7] that may act as direct
sensitizers (differently from PR-10) [7]. In a recent study, even allergens belonging to profilins, which are more
prevalent in patients with OAS, were shown to be associated with systemic symptoms (8. The PR-10 family
comprises the following two distinct groups of proteins: intracellular PR proteins (IPRs) with ribonuclease activity
and (S)-norcoclaurine synthases. Bet v 1 from birch and Bet v homologs from fruits belong to the group of IPRs and
are slightly acidic small (154-163 amino acid residues) proteins with molecular masses of approximately 17 kDa [e].
The expression of the Bet v 1 homologous allergen Mal d 1, under the influence of environmental factors, including
pollution, may result, as for other vegetables, in varying degrees of allergenicity of apple fruits [9]. Studies assessing
the allergenicity of a number of apple cultivars, first in The Netherlands [10] and later in Great Britain, Switzerland

and northern Italy [11] found that the cultivars that less frequently induced sensitization were Santana and Elise FUtéJ re % _
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Figure 1. IgE cross-reactivity
between Bet v1 and Mal d1. IgE (in
blue) binding Bet v1 and Mal d1: in
red/yellow the
pathogenesis-related-10 domain, the
homologous sequence in common
between Bet v 1 and Mal d 1, that is
able to bind identical IgEs.

(20-30%), while those that more frequently induced sensitization (up to 82%) were Topaz, Kanzi and Golden
delicious. In Poland, local apple cultivars showed significantly different sensitizations, with a rate of 50% for Szara
Reneta and 83% for Cortland [12]. Indeed, sensitization is not necessarily associated with clinical allergy. Actually,
specific IgE to rMal d 1 and rBet v 1 could not predict clinical reactivity to raw fruits and vegetables including
apples, and these are likely to be associated with other components that have not yet been identified (131. In a study
based on component-resolved diagnosis, no definite sensitization profiles were found to be related to the presence
of OAS, although birch-pollen allergy patients without OAS to apples showed a greater sensitization to inhalant
allergens than birch-pollen allergy patients with apple-induced OAS [14]. Another relevant issue to consider is the
lack of significant differences among four apple cultivars through measurement of the OAS symptoms after double-
blind oral challenge, with the absence of a relationship with Mal d 1 content [15]. In food allergy management,
the elimination of the culprit food from the diet is essential and may lead to loss of sensitization over time [16].
However, in birch-apple syndrome repeated exposure during each birch-pollen season to the major allergen Bet v
1 makes loss of sensitization to the cross-reactive Mal d 1 allergen unlikely. In fact, the development of tolerance
to causative allergens in subjects with food hypersensitivity requires prolonged avoidance [17]. With regards to
symptomatic drug treatment of OAS, the most commonly used agents are antihistamines. In a placebo-controlled
study, the antihistamine astemizole significantly reduced local symptoms after an oral challenge compared with
placebo [18]. Corticosteroids may be rarely needed in case of edema of the oral mucosa, but no trials are available.
Definitely, allergen immunotherapy (AIT) is the only treatment that acts on the causes of allergy by modifying
the immunological response to the administered allergen and inducing clinical tolerance [19]. In particular, such
immunological changes, which include a shift from the Th2 to Th1 dominated immune response, the generation
of allergen-specific IL-10-producing Treg cells, and the production of IgG antibodies with blocking activity, were
found to occur in patients treated with AIT for birch pollen-induced rhinitis [20]. Since many years a number
of studies have tried to develop AIT methods for food allergy, with different routes of administration including
subcutaneous, oral, sublingual and epicutaneous routes [16]; however, the findings were contrasting, and the use of
AIT with food extracts is not yet accepted. Based on the high structural homology between Bet v 1 and Mal d 1,
the possibility of curing apple allergy by AIT for birch pollen was suggested. Here we review the available literature.

Birch-pollen immunotherapy to treat birch-apple syndrome

The first study dates back to 1989, when Méller used subcutaneous immunotherapy (SCIT) or oral immunotherapy
(OIT) to treat 72 children with severe rhinoconjunctivitis due to birch pollinosis and allergic reactions to fruits,
including apples. In this study, SCIT improved respiratory symptoms to birch pollen, but neither SCIT nor OIT,
used in 42 and 14 children, respectively, significantly decreased food-related symptoms compared with the findings
with placebo AIT, administered to 16 children (21). However, good results were described in 20 patients treated
with birch SCIT, and 56% of these patients had an improvement in fruit allergy (mostly apples) after 3 years of
treatment [22]. Even better outcomes were reported in a study of 49 patients with birch-apple syndrome, with 41
of the patients showing a significant reduction and in some case a complete disappearance of symptoms after oral
challenge with golden delicious apples after 1 year of birch SCIT [23]. Similar findings were described in a study
of 27 patients treated with birch SCIT, with 59 and 22% of patients reporting a significant reduction and total
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Figure 2. Immunotherapy mechanisms working in allergy to birch pollen and apple allergy.
AIT: Allergen immunotherapy.

disappearance, respectively, after 23 years of SCIT; however, such improvement was not associated with a reduction
in skin reactivity and specific IgE [24]. In 2004, Bucher ez /. raised the issue of the amount of apple tolerated after
SCIT with birch pollen. In fact, 13 of 15 SCIT-treated patients were able to tolerate small amount of apple after
1 year (with a mean increase from 12.6 to 32.6 g of apple), but could not eat apples, which should be the definite
outcome [25]. A significant limitation of these studies was the open fashion of both AIT and challenge with apples.
Bolhaar ez al. were the first to use a double-blind food challenge (DBPCFC) to assess the efficacy of birch SCIT on
apple allergy. Of 13 patients, nine showed improvement, but only three had a negative response to the challenge [26].
Double-blind, placebo-controlled studies have provided more reliable results. Based on a controlled trial comparing
the efficacy of SCIT and sublingual immunotherapy (SLIT) with a standardized birch-pollen extract [27], the effects
of these approaches on apple allergy were evaluated. Of 74 birch allergy patients who participated to the trial, 69
had apple allergy and 40 patients were included in the final evaluation of the effect of AIT. Although a significant
effect on seasonal symptoms from birch pollen was evident for both SCIT and SLIT, the treatment did not result
in a significant decrease in the severity of apple allergy compared with placebo [28). A more recent study that
randomized 40 patients with birch-apple syndrome to SCIT and SLIT detected complete tolerance to apples in 25
and 14% of patients, respectively, and an increase in the threshold of the provocation dose of apple in 37 and 28%
of patients, respectively, after 1 year of treatment [29]. A dissociation between the results of nasal challenge with
birch pollen and DBPCFC with apples was described by Kinaciyan e# a/. In fact, in nine patients with improved
nasal symptoms to pollen challenge, the response to apple challenge was not significantly decreased. Moreover, Mal
d 1-specific IgE and IgG4 levels as well as Mal d 1-induced T-cell proliferation did not change significantly after
AIT [30]. Figure 2 summarizes the mechanisms underlying the development of tolerance to apples through AIT with
birch pollen. Other open studies reported some effects of birch SCIT on apple-induced symptoms although these
were not established by rigorous methods (51,32]. Of interest, an innovative approach for SCIT involving genetically
modified birch pollen allergens was investigated in a placebo-controlled trial. After a short course of treatment,
7 of 25 actively treated patients (compared with 1 of 19 placebo-treated patients) reported an improvement in
tolerance to apples, which was considered to be related to a significant increase of IgG1 antibodies reactive with
Mal d 1 33]. The authors suggested that a longer treatment could further improve the outcomes and mentioned
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that larger trials with genetically engineered AIT products should be performed. However, such studies have not
yet been performed.

How should the issue be addressed?

Opverall data on the effect of AIT with birch extracts in patients with birch-apple syndrome, mostly concerning
SCIT and including SLIT and OIT, show that the efficacy achieved in pollen allergy is usually not paralleled by
a comparable efficacy in apple allergy. Furthermore, even in studies with positive results the administration of
insufficient amounts of apple was likely to bias the findings. Other factors are possibly involved in the inability of
pollen AIT to improve apple allergy, including the significant variations in Mal d 1 expression in different apple
strains and the occurrence of symptom-inducing allergens other than Mal d 1 in apples. With regard to the first
factor, a patient showing tolerance to a challenge with golden delicious apples may develop allergic symptoms
when eating different apple strains (9-11,15]. Concerning the clinical importance of other allergens, Mal d 2 (a
thaumatin-like protein) and Mal d 3 (an LTP) are well known as triggers of allergy (34]. In particular, sensitization
to Mal d 3 is associated, as hinted above, to a significant risk of severe systemic reactions [35], with an estimated
odds ratio of 7.76 (95% CI: 3.87-15.56) [71.

Some observations have suggested the consideration of the possible application of AIT with foods. A study
included 40 patients with birch-apple syndrome; of these patients, 27 consumed increasing amounts of apple
(doubling the amount every 2—3 weeks) until they tolerated a whole apple. Then, they continued eating at least
3 apples/a week; 13 patients served as controls. Seventeen patients in the active group (62.9%) and no patient in
the control group (p = 0.0001) tolerated a whole apple at the end of the dose-increase phase (36). However, relapse
after withdrawing apple consumption and failure to detect immunologic modifications, suggested that the induced
tolerance with this method might not be associated with AIT mechanisms but might be related with the mode
of action of specific oral tolerance induction (SOTI). In this approach, the benefit of the treatment appeared to
be transient unless the culprit food was regularly consumed once a sufficient amount was reached [37). However, a
review of the recent literature indicated that also SOTT acts by immunological mechanisms, such as the stimulation
of Treg cells, and that the supposition of only transient effects is not sustained by sufficiently prolonged trials, as
have been performed for common AIT with inhalant allergens, where a duration of 3—5 years was demonstrated to
provide long-term tolerance [38].

Sophisticated models of AIT have been proposed in recent investigations. In particular, Holm ez a/. described
the grafting of a defined conformational antibody epitope from Bet v 1 onto the surface of Mal d 1, achieved by
genetic engineering with substitution of amino acid residues in Mal d 1 that differed between Bet v 1 and Mal d 1,
and demonstrated interchangeable binding kinetics [39]. In another interesting study, the effects of oral uptake of
Mal d 1 on allergen-specific immune responses in patients with birch-pollen allergy were evaluated. In this study,
patients received 50 pg of rBet v 1 sublingually on 2 consecutive days outside of the birch-pollen season, and
1 year later, they received an equal amount of rMal d 1. An extensive immunological analysis showed that the
sublingual administration of Bet v 1 briefly reduced Bet v 1-specific IgE levels and Bet v 1- and Mal d 1-induced
T-cell proliferation, while enhancing the expression of IL-5, IL-10 and Foxp3. Furthermore, sublingually applied
Mal d 1 significantly decreased Bet v 1- and Mal d 1-specific IgE levels and induced IL-5 and IL-10 expressions but
no Foxp3 expression. Moreover, Mal d 1 stimulated IFN-y production and generation of T cells with a different
epitope repertoire. Based on these findings, the authors suggested that recombinant Mal d 1 might be suitable for
SLIT in birch-pollen-related apple allergy [40].

An important study improved our understanding of this issue. Using both experimental models and sera from
patients with birch pollen and apple or hazelnut allergies, Roulias ez a/. evaluated apple Mal d 1 and hazelnut
Cor a 1 derivatives designed by in silico backbone analyses of the respective allergens as vaccine candidates [41].
The proteins were produced by site-directed mutagenesis as fold variants of their parental allergens and were
characterized physicochemically and immunologically, as well as by in vive models. Based on the capacity of Mal
d 1 and Cor a 1 to form cysteine-mediated aggregates, nonaggregative cysteine to serine mutants were generated.
The results showed that the modified proteins had a significantly decreased IgE binding capacity and that in the
presence of alum (commonly used in preparations for AIT) the monomeric cysteine mutants and the aggregated
allergens induced a similar immune response, in contrast with previous data on Bet v 1. According to the authors,
these findings suggest that the Bet v 1 structure has unique intrinsic properties, which are not completely shared
with its food homologs from apples and hazelnuts. Considering the significant variations of Mal d 1 expression in
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different apple strains, this is likely to account for the variable clinical outcomes among different studies on patients
with birch-apple syndrome treated with AI'T with birch extracts.

Conclusion & future perspective

It is apparent that the only commercially available immunotherapy, which is based on the administration, involving
both SCIT and SLIT, of birch-pollen products to induce an immune response to the homologous allergens from
apple, does not provide a predictable benefit. The lack of standardized methods to assess the degree of clinical
tolerance with apple challenge is an important confounding factor; however, immunological aspects should also
be considered. In fact, the variability in the expression of the major apple allergen Mal d 1 among different apple
strains and the intrinsic properties of Bet v1, which are not completely shared with Mal d 1, make prediction
of the AIT outcome for apple allergy unlikely. According to Roulias er al., the latter characteristic is seemingly
important to facilitate the generation of effective vaccine candidates for treating birch-apple syndrome; however,
the actual availability of such products for clinical practice likely requires a significant number of years [41]. Indeed,
the modern approach to use natural or recombinant molecules in place of whole allergen extracts for AIT should
be analyzed as a possibility. The most investigated molecule is Pru p 3 (an LTP) from peach owing to its ability to
induce severe systemic reactions. A randomized, placebo-controlled trial of SLIT with a Pru p 3 quantified peach
extract mentioned that this approach appeared to be a promising therapeutic option [42], and a recent study on 48
patients with peach allergy (36 treated with Pru p 3 SLIT and 12 not treated) confirmed a successful outcome.
Actually, after 1 year of SLIT with Pru p 3, treated patients showed a significant improvement in clinical tolerance
and a significant decrease in sIgE along with an increase in sIgG4 not only for peach but also for peanut, which
contains a major allergen — Ara h 9 — having high homology with Pru p 3 43]. These investigations addressed
the effectiveness of molecular AIT with LTPs because of their important role in eliciting severe systemic reactions;
however, there are no similar studies on other allergen molecules, including Mal d 1.

Of interest, when the efficacy of recombinant Bet v 1 AIT was evaluated in a double-blind placebo-controlled
study, a significant reduction in rhinoconjunctivitis symptoms was found in treated patients compared with placebo
but not with a control group receiving a licensed birch-pollen extract [44], suggesting that if a good quality traditional
extract containing all clinically relevant allergens is used for AIT, the outcome is comparable with that of modern
molecular AIT. However, the availability of such an extract for apple allergy is precluded by the characteristics of
Mal d 1 (as with other PR-10 proteins), which is a labile allergen unable to resist to common chemical procedures
for obtaining allergen extracts [45], making the testing of fresh fruits by the prick + prick technique important [2].

With regard to the translation of this concept to treatment, the administration of fresh fruits makes it feasible to
try to induce tolerance through the SOTI method described above. Based on recent findings, SOTTI is considered
a very promising treatment in children sensitized to major causes of pediatric food allergy, that is, cow’s milk and
hen’s egg 146, and a positive clinical outcome has been reported for apples as well 36]. Controlled trials on SOTI
are warranted in the future to establish the actual value of this treatment approach, which has obvious advantages
over AIT in terms of treatment cost.

Finally, an innovative AI'T method is epicutaneous immunotherapy, by which the causative allergen is applied on
the skin using a specifically designed patch. Several trials have been performed in cases of milk and peanut allergies
with good efficacy and safety results (47). Epicutaneous immunotherapy is currently considered very promising, but
more trials should be performed, including trials for fruit allergy, to confirm it as a suitable approach in clinical
practice [48].
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Executive summary

¢ Birch-apple syndrome is one of the most common clinical associations between pollen allergy and hypersensitivity
reactions to foods.

* The high grade of structural homology between the major allergen from birch Bet v 1 and the major allergen
from apple Mal d 1, which belong to the family of pathogenesis-related-10 proteins, accounts for this clinical
cross-reactivity.

* The food allergy component of birch-apple syndrome may be managed by avoiding the causative food or using
symptomatic drugs in case of allergic reactions; however, the only treatment that works on the cause of allergy is
allergen immunotherapy.

* Based on the homology of Bet v 1 and Mal d 1 allergens, allergen immunotherapy with whole birch allergen
extract or with recombinant or natural Bet v 1, though subcutaneous or sublingual route, has been proposed as a
treatment for both birch pollen and apple allergy.

* However, the results of available studies are contrasting, owing to the different methods used to assess the
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¢ A further innovative method - epicutaneous immunotherapy — which was found to be effective and safe with
foods such as cow’s milk and hen’s egg, should be investigated also for fruit allergy.
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